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A CELLULAR RADIO TELECOMMUNICATIONS NETWORK, A METHOD, 
PROTOCOL AND COMPUTER PROGRAM FOR OPERATING THE SAME 
The invention relates to a cellular radio telecommunications network, a method, a 
protocol and a computer program for operating the same. 
5 The background to the invention will be described in relation to time division 

multiple access networks. The reader will appreciate that the invention may be applied 
generally to other types of network. Introducing a space division multiple access 
(SOMA) component in a TDMA mobile radio system like GSM can provide higher 
frequency reuse and spectral efficiency, see C. Farsakh. J. A. Nossek, "Application of 

10 Space Division Multiple Access to mobile radio", in Proc. PIMRC. pp. 736- 739, 1994. 
The mobiles remain unaffected by the SOMA component without any need for antenna 
diversity or a more sophisticated equaliser. Additional hardware and software are 
restricted to base stations which have to be equipped with an antenna array. This array 
is used to separate wavefronts in coherent multipath environments by means of spatial 

15 beamforming or spatio-temporal signal processing. A conventional way to introduce 
simultaneous SOMA users sharing the same physical channel is to assign different 
signatures (training sequences) to different intracell users. These training sequences are 
used at the uplink for estimating the propagation channels and/or direction-of arrival 
(DOA) of wavefronts, and recovering the transmitted data. Afterwards, this information is 

20 exploited for beam forming at the downlink, see C. Farsakh, J. A. Nossek. "Application of 
Space Division Multiple Access to mobile radio", in Proc. PIMRC, pp. 736- 739, 1994; P. 
E. Morgensen. P. Zetterberg, H. Dam, P. Leth-Espensen, F. Frederiksen, " Algorithms 
and antenna array recommendations (Part 1 )", Technical Report TSUNAMI II 
ACO20IAUC/A1.2/DR/P/OO5/b1, May 1997; and Z. Zvonar, P. lung, L. Kammeriander. 

25 (Editors), "GSM evolution towards 3rd generation systems", Kluwer Academic 
Publishers, Boston/Dordreht/London, 1999. 
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This known solution is not directly applicable to a GSM system. Eight different 
training sequences are specified for the GSM normal burst, in order to distinguish 
between the desired user and co-channel interference, see GSM 03.03 (ETS 300 927), 
"Digital cellular telecommunications system (Phase 2+); Numbering, addressing and 
5 identification"; and GSM 05.02 (ETS 300 574), "Digital cellular telecommunications 
system (Phase 2+); Multiplexing and multiple access on the radio path". 

The selection of training sequence is a part of the Base Station Identity Code 
(BSIC), and the training sequence number is common to all channels in a cell. A 
solution of this problem is proposed in the P. E. Morgensen, P. Zetterberg, H, Darn, P. 
10 Leth-Espensen, F. Frederiksen, reference and in the Z. Zvonar, P. lung, L 
Kamrnerlander reference. 

This method allows assignment of different signatures to SOMA users in a GSM 
system. In this case, one single physical cell with a SDMA base station is separated into 
several logical GSM cells. A drawback of this solution is that it does not comply with the 
15 current GSM specifications. It requires a modification of the standard and major changes 
to the Base Station Sub-System (BSS) software. Moreover, given the availability of a 
limited number of training sequences, the above approach leads to a situation where it is 
not possible to assign different training sequences to all the neighboring cells using the 
same frequency. Therefore, the possibility of discriminating between co-cell users is 
20 achieved at the price of an increased vulnerability with respect to inter-cell interference. 

Against this background, there is provided a time division multiple access cellular 
radio telecommunications network, in which physical channels may be reused in the 
same cell, reused channels on the up link being differentiated by a time shift between 
them. 

25 Same cell reuse (SCR) can thus be implemented in a TDMA (GSM) system 

without assigning different signatures to SDMA users sharing the same physical 
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channel. Broadly, the idea is to introduce a time shift between SDMA users at the 
uplink. 

The reused channels preferably use a common clock signal. 

Timing advance information for each base station reusing a channel may be 
5 transmitted on the down link. 

The reused channels may all use the same signature. 

The invention also extends to a method of operation a time division multiple 
access cellular radio telecommunications network, in which physical channels may be 
reused in the same cell, reused channels on the up link being differentiated by a time 
10 shift between them. 

The invention further extends to a protocol and to a computer program for carrying 
out the method. 

One embodiment of the invention will now be described, by way of example, with 
reference to the accompanying drawings, in which: 
15 Figure 1 shows schematically, data flow for two users using the same physical 

channel in a mobile telephone network embodying the invention; 

Figure 2 is a graph showing performance for the two users against time shift; 
Figure 3 shows the architecture for a master BTS embodying the invention; 
Figure 4 shows the architecture for a slave BTS embodying the invention; and 
20 Figure 5 shows the architecture of a conventional BTS. 

An example of the modified transmission protocol in the case of two users 1 
and 2 is illustrated in Fig. I. The time shift exceeds the length of the time delay in the 
propagation channels to prevent the propagation delays in paths from different 
users causing simultaneous arrival of their signals. 
25 The delay does not significantly exceed the duration of the guard interval to 

avoid performance degradation induced by interference from adjacent bursts 
(Interference for Users 1,2 in Fig. I). 



■ 



In practice, the time shift is achieved by introducing a phase difference in the 
reference clock which synchronises co-cell transmissions of mobile users within a 
common time-slot. For each SDMA user, the base station produces a timing advance 
information based on a unique time-shifted version of the reference clock, thus 
5 compensating for different round-trip delays due to different positions of the mobile The 
tolerance in the time of arrival of the burst of each user remains as detailed in GSM 
05.10 (ETS 300 579), "Digital cellular telecommunications system (Phase 2+); Radio 
subsystem synchronisation". 

The time-shifted protocol is employed in the uplink. The downlink is governed by 

10 the same reference clock for all SDMA users. This allows the transmission of one 

common broadcast signalling (broadcast control channel (BCCH), frequency correction 
channel (FCCH), and synchronisation channel (SCH) within the cell. GSM 05.02 (ETS 
300 574), "Digital cellular telecommunications system (Phase 2+); Multiplexing and 
multiple access on the radio path". 

1 5 When a time-shifted transmission is arranged, a conventional spatial or spatio- 

temporal processing are implemented on the processing intervals (Fig. I) to estimate 
channels/DOA and recover the transmitted data. An illustration of the use of a spatio- 
temporal filter adjusted by means of the standard Least Squares algorithm is shown in 
Fig.2 for a typical GSM urban scenario (where the length of propagation channel is 

20 approximately four symbols). The raw BER in the case of two SDMA users with the 

common GSM training sequence number 0 is presented for different values of time shift. 
The results are obtained with an antenna array of four elements spaced by one 
wavelength. Fig.2 shows that both users are recovered and that the optimal value of 
time shift is close to the duration of the guard interval (eight symbols). 

25 An implementation of the proposed solution in a GSM system is presented in Figs. 

3 and 4. As a reference, Fig. 5 illustrates the typical architecture of a current GSM base 
transceiver station (BTS). In Figure 5, one or more antennas 6 are used at the uplink for 



each GSM carrier. The signal received at each antenna passes through a duplexer 8 to 
a receiver 10 where it is filtered and down converted to baseband in RF and IF stages. 
The baseband waveform is converted into a digital signal, and processed by an 
equaliser 12 and channel decoder 14. For the downlink, the encoded, modulated data 
5 are sent to the RF and IF stages. The RF signal is amplified by a power amplifier (PA), 
and transmitted by a single antenna. The operations of digital signal processing in 
equaliser and decoder, -and the RF-and IF stages with the PA are controlled by a unit 
for which time reference is provided by a GSM timing function. This in turn, according to 
the GSM specifications, can receive the reference clock from either an internal or 

10 external source. 

Figs. 3 and 4 show the architecture of the SOMA BTSs. To implement the time- 
shifted protocol, co-located base stations are provided, with a master BTS (Fig. 3) 
generating the reference clock signal, and one or more slave BTSs (Fig. 4) which 
receive the reference clock signal from an external input. In this example, in each BTS 

15 an antenna array 16 of M elements, the M signals received at the array elements are 
coherently down converted to baseband by M receivers 18, and fed to a (analog or 
digital) spatio- temporal processing unit 20, the output of which is processed by the 
channel decoder 14. At the transmitter side, after encoding and modulation in 
transmitter 22, beamforming is performed by a beam forming unit 24. Again in this 

20 example, a separate PA 26 is used for each antenna element. The time reference for 
the BTS is provided by the GSM timing function. The master BTS uses the internal 
reference for both uplink and downlink. The slave BTSs use a shifted reference for the 
computation of the timing advance information to be sent to the mobile and for the 
processing related to the uplink, while the remaining operation is synchronous with the 

25 master BTS. Only the master BTS broadcasts the BCCH bursts, and the frequency- 
correction and synchronisation bursts within the cell. The random access bursts 
transmitted by the mobile users in the cell are demodulated by the master BTS. As 



shown in Figs. 3 and 4, the master BTS also controls the allocation of the users to one 
of the SOMA base stations. 

In an alternative arrangement, the protocol can be also implemented with one 
base station per cell, provided that the BTS is equipped with two receivers operating 
5 with shifted time reference. 
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CLAIMS 

I . A cellular radio telecommunications network, in which physical channels 
may be reused in the same cell, reused channels on the up link being differentiated by a 

j time shift between them. 

5 2. A network as claimed in claim 1 . wherein the reused channels use a 

common clock signal. 

3. A network as claimed in claim 1 or 2, in which timing advance information 
for each base station reusing a channel is transmitted on the down link. 

4. A network as claimed in any preceding claim, wherein the reused 
10 channels all use the same signature. 

5. A network as claimed in any preceding claim, including a master base 
station and a co-located slave base station, wherein the master base station generates 
a common reference clock and the slave base station uses a shifted reference clock to 
send time shift information to the mobiles. 

15 6. A network as claimed in any of claims 1 to 4, a base station having two 

receivers operating with mutually shifted time references. 

7. A network as claimed in any preceding claim, wherein the time shift is 
longer than the propagation delay in the reused channels. 

8. A network as claimed in any preceding claim, wherein the time shift is 
20 approximately equal to the guard interval. 

9. A method of operation a cellular radio telecommunications network, in 
which physical channels may be reused in the same cell, reused channels on the up link 
being differentiated by a time shift between them. 

10. A method as claimed in claim 9, wherein the reused channels use a 
25 common clock signal. 

II. A network as claimed in claim 9 or 10, in which timing advance 
information for each base station reusing a channel is transmitted on the down link. 
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12. A network as claimed in any of claims 9 to 1 1 , wherein the reused 
channels ail use the same signature. 

13. A method as claimed in claim 12, wherein a master base station 
generates a common reference clock and a co-located slave base station uses a shifted 

5 reference clock to send time shift information to the mobiles. 

14. A method as claimed in claim 13 wherein two receivers at a base station 
operate with mutually shifted time references. 

15. A method as claimed in any of claims 9 to 14, wherein the time shift is 
longer than the propagation delay in the reused channels, 

10 16. A method as claimed in any of claims 9 to 15, wherein the time shift is 

approximately equal to the guard interval. 

1 7. A protocol for carrying out all the steps of the method of any of claims 9 

to 16. 

18. A computer program for carrying out all the steps of the method of any of 
15 claims 9 to 16. 



A 



A CELLULAR RADIO TELECOMMUNICATIONS NETWORK, A METHOD. 
PROTOCOL AND COMPUTER PROGRAM FOR OPERATING THE SAME 

ABSTRACT 

A time division multiple access cellular radio telecommunications network is 
5 disclosed, in which physical channels may be reused in the same cell. Reused 
channels on the up link are differentiated by a time shift between them. 

Same cell reuse (SCR) can thus be implemented in a TDMA (GSM) system 
without assigning different signatures to SOMA users sharing the same physical 
channel. 
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